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This  program  considered  three  primary  explosives:  lead  styphnate,  lead  azide, 
and  tetracene.  An  experimental  investigation  was  conducted  to  measure  the  peak 
pressures  and  positive  impulses  from  explosions  in  systems  simulating  actual 
i.  process  configurations  and  quantities.  Variables  considered  Included 
material  weights,  configurations,  and  whether  or  not  the  material  was  in  a wet 
or  dry  condition.  Peak  pressure  and  positive  impulse  was  measured  in  the 
scaled  distance  range  of  3 to  40  ft/lbl/3.  TUT  equivalency  curves  for  both 
pressure  and  impulse  were  developed  as  a function  of  scaled  range. 
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SUMMARY  - LEAD  STYPHNATE 


1 Lead  styphnate  vaa  detonated  in  baakers  (1.57  lb  wet  and 

2 00  lb  dry  atate),  storage  bags  (c<  25  lb  wet),  and  storage/ 
shipping  drum  («150  lb  wet)  containers.  Blast  output  wat- 
measured  and  TNT  equivalency  was  computed  based  upon  a con  - 
parison  with  the  explosive  blast  output  of  a surface  burst  of 
a hemispherical ly  shaped  TNT  charge.  The  results  of  these 
computations  in  terms  of  a TNT  equivalency  profile  are  pre- 
sented in  the  table  below  and  in  the  following  figures  : 


TNT  EQUIVALENCY  OF  LEAD  STYPHNATE 


TNT  Equivalency 

(percent) 

Configuration 

X - 

3 

A - 

9 

A ■ 

- 13 

A - 

40 

T 

t 

F“ 

~T 

T" 

* 

T 

T 

2.00  lb,  dry.  Beaker 

30 

30 

30 

40 

25 

40 

40 

40 

1.57  lb,  wet,  Beaker 

35 

45 

40 

30 

30 

35 

15 

30 

25  lb,  wet.  Bag 

65 

65 

55 

60 

45 

55 

50 

55 

150  lb,  vet*  Shipping 
Container 

30 

20 

45 

40 

8 

15 

- 

- 

Legend:  X - Scaled  Distance,  ft/lb1^ 

P - Peak  Pressure  TNT  Equivalency 
I “ Positive  Impulse  TNT  Equivalency 


* The  term  "wet"  vn  this  instance  refers  to  the  explosive,  submerged 
under  a water/ethanol  50/50  solution,  which  is  stored  inside  a 55 
gallon  metal  drum.  Otherwise  the  term  "wet"  means  after  surplus 
liquid  has  drained  off. 
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•*“  Pressure . pel*  Sealed  Positive 


SUEtiARY  - LEAD  AZIDE 


L«ad  Aside  was  datonaCad  in  beakers  (1.4C  lb  wat  and 
2.00  lb  dry  state)  and  in  storage  bags  (3  25  lb  wat).  Blast 
output  was  measured  and  TNT  equivalency  was  computed  based 
upon  a comparison  with  the  explosive  bleat  output  of  a sur- 
face burst  of  a hamispherically  shaped  TNT  charge.  The  re- 
sults of  these  computations  in  terms  of  a TNT  equivalency 
profile  are  presented  in  the  table  below  and  in  the  following 
figures  1 


TNT  EQUIVALENCY  OF  LEAD  AZIDE 


Configuration 

TNT  Equivalency 

(percent) 

X - 

3 

X 

- 9 

X 

- 18 

X - 

40 

~T 

T~ 

1 

T" 

T 

T~ 

nr 

2.00  lb,  dry,  Beaker 

15 

30 

25 

30 

25 

35 

20 

35 

1.48  lb,  wet*  Beaker 

15 

20 

15 

20 

10 

20 

6 

20 

25  lb,  wetf  Bag 

25 

30 

25 

30 

25 

35 

20 

35 

Legend:  X - Scaled  Distance,  ft/Ib^^ 

P - Peak  Pressure  TNT  Equivalency 
I ■ Positive  Impulse  TNT  Equivalency 


* The  term  'Vet"  signifies  that  surplus  liquid  (w.ter/etha.iol  50/50 
solution)  has  drained  off. 


SUMMARY  - TETRA ’ENE 


Tetracene  was  detonated  in  beakers  (a*  0.65  lb  quantities, 
dry  state)  and  in  storage  bags  (w  10  lb  quantities,  wet  state) 
All  attempts  to  detonate  wet  tctracene  in  less  than  1 lb  quan- 
tities were  unsuccessful  . Blast  output  was  measured  and  TNT 
equivalency  was  computed  based  upon  a comparison  with  the  ex- 
plosive blast  output  of  a surface  burst  of  a hemispherically 
shaped  TNT  charge.  The  results  of  thesr  computations  in  terms 
of  a TNT  equivalency  profile  are  presented  in  the  table  below 
and  in  the  following  figures  : 


TNT  EQUIVALENCY  OF  TETFACENE 


TNT  Equivalency  (percent) 

Configuration 

A 

- 3 

X 

- 9 

X - 18 

X - 

40 

T~ 

I 

T” 

r 

P I 

T 

~T 

0.65  lb,  dry,  Beaker 

20 

25 

25 

30 

25  35 

30 

35 

3J  10  lb,  wett  Bag 

10 

15 

15 

20 

20  20 

25 

- 

1/3 

Legend:  X - Scaled  Distance,  ft/lb 

P - Peak  Pressure  TNT  Equivalency 
I - Positive  Impulse  TNT  Equivalency 


* Tho  tern:  "wet"  signifies  that  surplus  liquid  (water/ethanol  50/50 
solution)  has  drained  off. 
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PEAK  PRESSURE 


Pressure-Scaled  Distance,  ft/lb1' 

PEAK  PRESSURE-SCALED  IMPULSE  - 

TETRACENE 

Impu] se 

-J  — ‘.ad  Distance, 

ft/lb1/3 

1 2 

4 6 8 10 

20 

40  60  100 

PEAK  PRESSURE 


POSITIVE  IMPULSE 


2 4 u 8 10  20  40  60  100 

Pressure-b^’led  Distance,  ft/lb^^ 


TNT  EQUIVALENCY  - TETRACENE 


1.  INTRODUCTION 


1 . 1 Background 

The  U.S,  Army  Materiel  Conmand  initiated  a program  to 
upgrade  the  safety  standards  of  new  and  existing  ammunition 
plants.  In  support  of  this  program,  the  Manufacturing  Tech- 
nology Directorate  of  Picatinny  Arsenal  developed  design 
standards  for  hardening  protective  structures  to  withstand 
the  effects  of  the  detonation  of  high  explosives.  Design 
and  safety  engineers  require  data  pertinent  to  the  maximum 
strength  of  a blast  wave  that  may  originate  fron  any  of  the 
explosive  or  deflagrateable  materials  present  in  the  plant. 
Since  the  airblast  capabilities  of  the  three  primary  explo- 
sives: lead  styphnate,  lead  azide  and  tet-icene  could  not  be 
obtained  from  the  available  literature,  the  Arsenal  sought 
to  establish  the  TNT  equivalencies  of  these  materials. 

Past  methods  for  siting  and  the  design  of  individual 
components  of  explosive  manufacturing  and  related  facilities 
have  been  based  on  gross  quantities  of  explosives  or  propel- 
lants. Present  day  technology  has  shown  that  cost  effective 
yet  safe  facilities  can  be  built,  if  design  criteria  is  based 
on  the  actual  explosive  output  of  the  materials  involved. 

A facility  designer  requires  information  on  the  blast 
pressure-time  history,  characterized  by  peak  pressure  and 
posxtive  impulse.  A considerable  amount  of  prior  work  has 
been  performed  in  establishing  the  airblast  parameters  of 
TNT.  Consequently,  for  facility  designs  involving  other  en- 
ergetic materials  the  design  information  can  be  expressed  in 
terms  of  TNT  equivalency.  In  this  report  information  is  pre- 
sented for  peak  pressure,  positive  impulse,  pressure  TNT 
equivalency,  and  impulse  TNT  equivalency. 

Benefits  to  be  realized  through  this  study  include  sig- 
nificant cost  savings  (by  avoiding  the  overdesign  of  struc- 
tures) and  improved  safety  of  personneKby  the  installation 
of  adequate  blast  protection). 


1 . 2 Objectives 

Experimentally  determine  the  maximum  airblast  out- 
put, peak  overpiessure  and  positive  impulse,  of  three 
primary  explosives:  lead  styphnate,  lead  azide  (RD 
1333),  and  tetracene. 
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Determine  the  TNT  equivalencies  of  each  primary 
explosive  by  comparing  Its  measured  pressure  and 
positive  impulse  with  those  produced  by  the  deto- 
nation of  an  unconfined  hemispherical  charge  of 
TNT. 

Determine  how  the  presence  or  absence  of  water 
and  the  quantity  of  explosive  may  affect  the  air- 
blast  output  of  these  primary  explosives. 
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2.  TEST  PROCEDURES 


2.1  Test  Sites 


Small-scale  tests  were  performed  In  a level  field  located 
in  the  demolition  area  at  Iowa  Army  Ammunition  Plant,  Burling- 
ton, Iowa.  A 4-inch-thick  armor  plate  was  located  at  ground 
zero  (GZ) . Radiating  from  tnis  point  were  two  20- ft -wide  by 
100-ft-long  strips,  90  deg  apart,  covered  and  leveled  with  a 
2 to  4-in..'  h-thick  layer  of  sand  (Figure  1). 

Large-scale  tests,  with  basic  lead  styphnate  only,  were 
performed  at  Dugway  Proving  Ground,  Utah  on  a remote  desert 
site.  A schematic  plan  view  of  the  test  site  is  shown  in  Fig- 
ure 2.  Radiating  from  GZ  were  two  40-ft-wide  by  500-ft-long 
level  land  areas  cleared  of  brush. 

Pressure  gages  were  located  at  discrete  intervals  in  the 
cleared  areas  of  each  test  site.  The  gages  were  flush-mounted 
in  steel  plates  which  in  turn  were  flush-mounted  with  the 
ground  surface.  Determination  of  the  location  of  a particular 
gage  was  based  on  anticipated  overpressures  from  the  test 
material . 


2.2  Test  Configurations 

The  three  basic  test  configurations  useu  are  schematical- 
ly illustrated  in  Figures  3,  4,  and  5.  Small  charges,  2 lb  or 
less , were  shot  in  beakers.  The  beakers  were  standard,  1 qt 
conductive-rubbei  beakers  of  the  type  normally  used  to  trans- 
port and  store  the  test  materials,  A circular  hole  was  cut 
out  of  the  bottom  of  the  beaker  to  accommodate  a cylindrical 
PBX  booster.  A thin  cheesecloth  disc  was  glued  to  the  inside 
bottom  of  the  beaker  to  prevent  the  test  material  from  leaking 
through  the  hole.  A wooden  platform  was  constructed  to  posi- 
tion a number  8 blasting  cap  under  the  PBX  booster  and  to  sup- 
port the  booster  as  shown.  The  wooden  base  plate,  blasting 
cap,  and  PBX  booster  were  first  positioned  at  GZ.  The  rubber 
beaker  containing  the  test  material  was  located  1 to  1-3/4 
inch  above  GZ,  depending  upon  the  booster  size. 


The  dry  test  material  shots  used  essentially  the  same 
configuration  as  shown  in  Figure  3.  Changes  included  a sealed 
cavity  under  the  beaker,  Figure  5,  which  housed  the  blasting 
cap  and  booster.  A vacuum  was  pulled  on  the  cavity  thereby 
drawing  air  into  the  top  of  the  beaker,  through  the  material, 
through  holes  in  the  bottom  of  the  beatcer  and  into  the  cavity, 
Figure  6. 
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— Ground  Zero,  GZ 

4-inch-thick  metal  plate 


Pressure  Gages 


- Cameras:  Fastax 

Bell  5 Howell 


Instrumentation  Trailer 
in  a Hardened  Building 


Figure  1 IAAP  TEST  AREA 


Gage  Locations 


Ground  Zero,  GZ 


North 


Note:  Ground  surfrce  shorn 

in  crosshatched  area 
was  cleared  of  all 
brush . 
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4 


Hardened 

Building 


f 

i 


Cheesecloth 

Bag 


Blasting 
Cap  Leads 


Laboratory  testa  were  conducted  with  this  drying  system  and  it 
was  determined  that  after  8 min  of  aspiration  the  liquid  con- 
tent was  less  than  0.5  percent  by  weight.  In  the  field  the 
samples  were  aspirated  more  tha.i  15  min  before  each  test. 

The  25  lb  charge  weight  tests  were  set  up  as  shown  in 
Figure  4.  A wooden  base  plate  was  set  down  on  the  armor  plate 
at  GZ  A wet  cheesecloth  bag  containing  the  test  material  was 
set  on  top  of  the  wood  base  plate  and  booster.  The  bag  was 
allowed  to  shape  itself  over  and  around  the  booster.  The  as- 
pect ratio  of  the  bags  w»s  ~1. 

Tetracene  samples  were  also  tested  in  configurations* 
other  than  those  illustrated  in  Figures  3 and  4,  because  dif- 
ficulty was  encountered  in  initiating  that  ratterlaU  Test  T-5 
was  conducted  using  a 0.5  lb  C4**  explosive  booster  located 
under  the  bag  as  shown  in  Figure  4.  Test  T-7  was  conducted 
with  a bag  lying  on  its  side  and  a conical  0.5  lb  C4  booster 
on  top  of  the  bag.  A wooden  base  plate  was  not  used  during 
Test  T-7,  the  bag  was  placed  directly  on  top  of  the  armor 
plate.  Teats  T-8 , 9 , 10 , 11 , 14  and  15  were  conducted  with  the 
test  material  in  a beaker,  however  the  PBX  booster  and  blast- 
ing cap  were  located  on  top  of  the  sample  in  the  beake>  . Test 
T-12  was  conducted  with  the  bagged  test  material  set  inside  a 
12  inch  diameter  by  11-inch-ueep  aluminum  carrying  pot.  A 
0.5  lb  C4  booster  was  placed  inside  the  pot  on  top  of  the  bag 
as  described  above  during  Test  T-7.  A weighted  lid  was  placed 
on  top  of  the  pot.  Test  T-13  was  conducted  with  a DuPont  S94 
squib  located  inside  the  bag  in  the  test  material. 

The  150  lb  lead  styphnate  charges  were  tested  in  the 
shipping  drum  containers  in  which  the  material  was  received. 
Lead  styphnate  is  also  stored  in  these  same  containers.  A 
schematic  cutaway  drawing  of  the  test  configuration  is  illus- 
trated in  Figure  7,  It  consisted  of  a 55  gal.  metal  drum  with 
an  airtight  clamp-on  lid.  The  lead  styphnate  was  contained 
in  six  small  bags  which  consisted  of  a cotton  inner  sack,  a 
plastic  liner,  and  a canvas  outer  bag.  These  six  small  bags 
were  contained  in  an  outer  burlap  bag.  Sawdust  was  used  as 
a filler  inside  the  outer  burlap  bag.  The  sawdust  voids  be- 
tween the  lead  styphnate  bags  are  exaggerated  in  Figure  7; 
the  small  bags  were  in  contact  with  one  another.  The  55  gal. 
drum  was  filled  with  an  ethanol-water  mix  saturating  the  bags 
and  lead  styphnate. 


*See  Table  3 

idt 

Composition  C4,  a plastic  explosive  91  percent  RDX,  2.1  per- 
cent polysobutylene , 1.6  percent  motor  oil,  5.3  percent 
di(2-ethylehexyl)  sebacate. 
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The  wet /dry  weight  ratio  of  each  material  was  measured  In 
the  laboratory.  Samples  of  each  material  were  weighed  in  a wet 
stats  and  then  rewoighed  after  drying.  This  wet/dry  weight  ra- 
tio was  used  to  compute  the  dry  weight  of  the  materials  that 
were  ested  in  a wet  state  The  -laterials  that  were  tested  in 
a dry  state  were  first  dried  in  the  laboratory,  weighed,  and 
then  re-wet  with  wa t er/a 1 coho  1 or  freon  for  safe  transporta- 
tion to  the  test  site.  These  samples  were  then  redried  in  the 
field  as  described  above. 


2.3  Verification  Tests 


During  the  course  of  this  test  program  several  field  veri- 
fication tests  were  performed  to  confirm  the  recording  accur- 
acy of  the  pressure  and  Impulse  measuring  systems.  They 
consisted  of  measuring  the  peak  pressure  and  posit'"e  impulse 
from  S to  100  lb  hemispherical  CA  explosive  charge*  The 
charges  were  set  on  steel  witness  plates  at  ground  level. 
Pressure  and  impulse  data  obtained  from  the  CA  verification 
shots  are  compared  to  established  TNT  hemispherical  surface 
burst  data  (the  increased  energetics  of  CA  is  accounted  for) . 
All  of  the  gage  systems  used  in  these  tests  had  been  previous- 
ly calibrated  in  a laboratory  using  accepted  standards . The 
laboratory  calibratior  s wera  uaed  throughout  the  program.  The 
verification  tests  indicated  that  the  instrumentation  systems 
were  functioning  properly. 

The  resulting  pressure  and  impulse  data  points  for  the 
various  scaled  distances  of  the  verification  shots  are  plotted 
in  Figure  8.  The  close  groupings  of  the  various  sets  of  points 
provides  a good  basis  of  confidence  in  proper  functioning  of 
the  blast  gages.  The  line  that  passes  through  the  "peak  over- 
pressure" gage  points  is  a TNT  pressure  curve  used  as  a stand- 
ard; it  was  generated  by  Kingery,  BRL  13AA,  1966.  The  line 
passing  through  the  "scaled  positive  impulse"  points  was  gen- 
erated by  IITRI  for  CA . It  utilizes  a 1.25  factor  to  convert 
the  weight  of  CA  to  the  equivalent  weight  of  TNT.  Both  of 
these  reference  curves  are  built  into  the  IITRI  computer  pro- 
gram. Consequently,  all  of  the  TNT  equivalencies  shovTi  in 
this  report  are  computed  from  these  reference  curves. 
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3.  TEST  RESULTS 


3.1  General 


The  test  results  of  each  primary  explosive  material  will 
be  discussed  separately  in  this  section.  The  scaled  distance 
values  on  all  the  graphs  are  based  on  the  total  charge  weight, 
i.e.,  the  weight  or  the  booster  in  equivalent  pounds  of  pri- 
mary explosive  weight  has  been  added  to  the  weight  of  the 
primary  explosive. 

TNT  equivalency  calculations  were  made  for  all  of  the 
test  results.  TNT  equivalency  is  defined  as  the  ratio  of 
charge  weights  (i.e.,  TNT  weight  divided  by  test  material 
weight)  that  will  give  the  same  peak  pressure  (or  positive 
Impulse)  at  the  same  radial  distance  from  the  charge.  The 
weight  of  the  booster,  in  an  equivalent  material  weight  meas- 
ure, is  included  in  the  total  charge  weight  during  the  compu- 
tational procedure. 

■* 

A companion  document1  to  this  report  includes  basic  sup- 
portive data  used  to  obtain  the  results  presented  herein.  It 
contains  the  raw  test  data,  a computer  printout  of  the  TNT 
equivalencies  based  on  individual  data  points,  and  field  data 
sheets  which  give  test  descriptions  and  evaluations  of  each 
test  after  it  was  shot. 


3 . 2 Lead  Styphnate 

The  tests  conducted  with  lead  styphnate  are  presented  in 
Table  1.  Test  LS-11  did  not  ignite  with  a 13  gtn  Pbx  booster, 
1.4  percent  by  weight.  A 3.0  percent  by  weight  booster  did 
Ignite  2.0  lb  dry  LS  charges.  No  discemable  difference  in 
blast  output  was  noted  between  the  27  and  54  gm  boostering  of 
the  1.57  lb  wet  shots.  One  150  lb  wet  test  did  no'-  ignite 
when  the  booster  was  placed  on  the  outside  of  a charge  bag. 

The  blast  results  for  peak  pressure  as  a function  of 
scaled  distance  are  shown  in  Figure  9.  The  curves  shown  are 
eye-fits  to  the  average  of  the  data  pc 'its,  except  the  150  lb 
tests.  The  two  150  lb  tests  that  did  ignite  did  not  yield 
the  same  blast  output. 


1„ 


Supportive  Data  for  Determining  the  Blast  Parameters  of  Lead 
Styphnate,  Lead  Azide,  and  Tetracene",  IITRI  Report  J6317- 
J6342-la. 
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One  explanation  for  the  difference  in  blast  output  is 
that  a booster  was  placed  in  only  one  of  the  small  bags  and 
sympathetic  detonation  or  propagation  to  detonations  between 
bags  was  poor  as  evidenced  from  the  first  150  lb  test.  The 
random  placement  of  the  small  bags  in  the  steel  drum  could 
have  been  different  in  these  two  tests.  The  ethanol/water 
mix,  the  sawdust,  and  the  material  of  the  small  bags  could 
also  have  acted  to  suppress  the  ignition  of  adjacent  bags  of 
lead  styphnate.  The  curve  shown  for  the  150  lb  charge  is  an 
eye-fit  to  the  ma^  mum  envelope  of  data  points. 

The  greatest  scaled  blast  output  occurred  in  tests  with 
25  lb  of  wet  LS  charges.  The  pressure  and  scaled  impulse, 
Figure  10,  is  significantly  larger  for  the  25  lb  shots  in  all 
scaled  distance  ranges  tested. 

Th-  TNT  equivalency,  both  for  pressure  and  impulse,  is 
greatest  for  the  25  lb  wet  LS  charges,  Figure  11.  TNT  equiv- 
alencies were  computed  from  the  pressure  and  scaled  impulse 
curves  shown  on  Figures  9 and  10.  The  TNT  equivalency  for 
pressure  reaches  a maximum  at  a scaled  distance  of  approximate- 
ly 5 ft/lbl'3  Impulse  TNT  equivalency  reaches  a maximum  at 
approximately  4 ft/lbl/3. 

When  selecting  an  equivalency  for  design  purposes  the 
maximum  should  be  determined  from  the  worst  case  charge  weight 
in  the  area. 


3.3  Lead  Azide 


All  of  the  tests  conducted  with  lead  azide  (LA)  are  summarized 
in  Table  2.  LA  was  the  most  sensitive  of  the  three  primary 
explosives  tested,  i.e.,  a 13  gm  booster,  representing  1.9  per- 
cent of  charge  weight  was  placed  under  the  charge  and  sufficed 
to  detonate  48  lb  of  wet  material.  However,  the  majority 
of  the  tests  were  carried  out  with  a 27  gm  or  larger  booster. 

The  booster  size  was  generally  4 percent  or  less  of  the  total 
charge  weight. 

The  results  of  the  te»ts  on  both  wet  and  dry  LA  are  shown 
in  Figure  12  for  peak  pressure  and  Figure  13  for  scaled  posi- 
tive impulse  versus  scaled  distance.  The  curves  represent 
the  best  eye- fit  average  to  the  data. 

The  small  (1.48  lb)  wet  charges  produced  the  lowest  over- 
pressure and  scaled  impulse  of  the  three  types  of  samples 
tested.  The  pressure  records  from  these  tests,  1.48  lb  wet, 
showed  multiple  shock  waves  (or  multiple  peaks) , indicating 
a nonuniform  detonation  reaction.  Multiple  shock  waves  were 
not  observed  in  the  dry  material  or  the  large  wet  tests. 
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Impulse  Scaled  Distance,  ft/lb 


Figure  11  TNT  EQUIVALENCY  - LEAD  STY PH NATE 
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The  results  of  the  tests,  expressed  in  terms  of  their 
TNT  equivalency  (pressure  and  impulse),  are  shown  in  Figure  14. 
The  equivalency  curves  were  computed  from  the  eye-fit  curve 
for  pressure  or  impulse  for  each  test  type, 

The  shapes  of  the  TNT  pressure  and  impulse  equivalency 
curves  are  characteristic  of  that  observed  for  a large  number 
of  materials  whose  maximum  TNT  equivalency  is  much  less  than 
100  percent.  The  pressure  TNT  equivalency  reaches  a maximum 
at  a scaled  distance  of  about  6 ft/lbl/3  and  then  decreases 
with  distance  (Figure  13) . The  fact  that  the  impulse  equiv- 
alency curve  tends  to  be  flatter  than  the  pressure  equivalen- 
cy curve  is  also  a common  occurrence  for  low  output  materials . 

There  does  not  appear  to  be  a pattern  in  the  results  for 
TNT  pressure  equivalency,  other  than  that  the  1.48  lb  wet  charges 
had  the  lowest  TNT  equivalency.  The  impulse  equivalency  re- 
sults are  clear-cut,  the  2.0  lb  dry  and  the  25  lb  wet  charges 
produce  the  highest  and  approximately  the  same  equivalencies 
at  all  scaled  distances. 


3.4  Tetracene 


e tests  conducted  with  tetracene  are  summarized  in 
Table  ’ Although  primary  explosives,  in  general,  are  con- 
sider _ to  be  sensitive,  i.e.,  easy  to  initiate,  much  diffi- 
culty was  encountered  in  trying  to  initiate  tetracene.  All  of 
the  attempts,  with  one  exception,  to  initiate  the  tetracene 
with  the  rooster  placed  at  the  bottom  of  the  charge  were  un- 
successful. A narrow  yellow-white  cloud  was  produced,  and 
unbumt  tetracene  was  found  in  the  test  area.  When  the 

booster  was  placed  on  top  of  the  charge  a measurable  blast 

output  was  often  obtained  for  dry  tetracene  and  the  large  wet 
tetracene  charges . 

Due  to  difficulties  of  initiation,  tetracene  was  tested 
in  various  configurations.  In  Test  T-l  a 27  gm  PBX  booster, 
placed  under  the  charge,  failed  to  detonate  0.62  lb  of  wet 
material.  Likewise,  the  same  or  smaller  size  boosters  placed 
on  top  of  the  small  wet  charges  also  failed  to  detonate  them 
in  Tests  T-10,14  and  15.  In  Tests  T-4  and  6 the  booster  failed 
to  ignite. 

Tests  T-2  and  3 used  larger  size  wet  charges,  9.7  and  7 lb 

respectively,  with  54  and  81  gm  PBX  boosters  mounted  under  the 

charge.  Test  T-5,  with  the  same  basic  setup,  also  failed  to 
completely  detonate  the  charge  even  though  the  booster  sire 
was  increased  to  1/2-lb  of  C4  explosive. 
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However,  the  same  size  booster  when  placed  on  top  detonated 
wet  charges  in  Tests  T-7  and  12,  In  moat  cases  where  the 
tetracene  did  explode,  the  pressure  record  showed  multiple 
peaks.  The  multiple  shock  waves  generally  coalesced  at  large 
distances.  In  one  test,  T-13,  a squib  placed  inside  the  bag 
of  wet  tetracene  did  not  even  ignite  the  ma  erial. 

The  results  of  the  tests  for  peak  pressure  and  scaled 
positive  impulse,  both  versus  scaled  distance,  for  wet  and  dry 
tetracene  are  shown  graphically  in  Figures  15  and  16.  The 
lines  through  the  data  represent  the  best  eye-fit  curve  through 
the  data  points. 

The  peak  overpressures  obtained  from  the  small  (0.65  to 
0.71  lb)  dry  charges  were  slightly  higher  than  those  obtained 
from  the  large  wet  charges  (9.7  to  13,2  lb).  The  scaled  posi- 
tive impulse  is  also  slightly  higher  for  the  small  dry  charges. 
Thus,  it  appears  that  the  water  content  has  a damping  effect 
on  tetracene. 

The  results  of  the  tests,  when  expressed  in  terms  o * their 
TNT  equivalency,  are  shown  in  Figure  17.  The  equivalency 
curves  were  computed  from  the  eye-fit  curve  for  pressure  (or 
impulse)  for  each  test  type. 

The  shape  of  the  TNT  impulse  equivalency  versus  scaled 
distance  curve  is  typical  of  that  for  materials  with  low  blast 
output,  i.e.,  where  the  TNT  equivalency  is  much  less  than 
100  percent.  The  apparent  increase  in  TNT  pressure  equivalen- 
cy with  distance  is  most  likely  due  to  the  fact  that  multiple 
shock  waves  were  produced  by  the  explosion  and  the  shock  waves 
tend  to  coalesce  with  distance. 
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